Bacteria form biofilms as an adaptive mechanism in response to environmental changes. Streptococcus mutans is the biofilm-forming bacterium that is primarily associated with dental caries. The expression of important genes by bacteria in biofilms is different from that of planktonic cells. Lectins are proteins that bind specifically to carbohydrates and may have important biological activities on bacterial cells, acting as antibacterial and anti-biofilm agents. ConM (Canavalia maritima lectin) is a protein that is able to inhibit the planktonic growth and biofilm formation of S. mutans. In this context, this study aimed to evaluate the effects of ConM and concanavalin A (ConA) on the expression of genes related to virulence and biofilm formation in S. mutans. The results showed that ConM significantly reduced the expression of genes encoding enzymes related to adhesion, formation and regulation of biofilms. On the contrary, ConA did not alter the expression of the genes studied. Because the two lectins have a high degree of similarity, the differences in the actions of ConM and ConA may be explained by the small structural differences in the carbohydrate recognition domain of the lectins.
INTRODUCTION
Most microorganisms have a natural tendency to develop cell aggregates surrounded by a self-produced polysaccharide matrix called a biofilm [1] . Biofilms formed on tooth surfaces (dental plaque) are the main etiologic factor for the majority of dental disorders such as caries, gingivitis and periodontitis [2, 3] . Furthermore, oral biofilms are the main cause of the dental implant failure [4] . Concerning the microorganisms involved in oral biofilms, Streptococcus mutans is commonly found in the human oral cavity. This species is a potent initiator of caries due to a wide range of factors, which plays an important role in caries formation [5] .
When such microorganisms adhere to a surface, they develop biofilms and express an altered phenotype through the repression or activation of specific genes [6, 7] . In fact, biofilm formation by S. mutans is followed by differential expression of several genes compared to planktonic cells. This distinct pattern of expression is frequently associated with biofilm regulation, formation, resistance and bacterial physiology [8, 9] .
According to Wen and Burne [10] , the expression of genes associated with biofilm development, such as spaP and gbpB, regulation (brpA), and those involved in the formation of extracellular glucans (gtfB), plays an important role in the regulation of biofilm development by S. mutans. Lectins are a group of proteins of non-immune origin that have the ability to bind specifically and reversibly to carbohydrate epitopes without modifying them [11] . These proteins work as mediators of information in various biological systems, acting through interactions with glycoproteins, glycolipids and oligosaccharides [12, 13] . The ability of lectins to detect small differences in the configuration of carbohydrates [14] makes these proteins important in several studies involving microbial biofilms. Among the biological applications of lectins, the antibacterial activity deserves special attention [15] , as lectins have been shown to inhibit biofilm formation in some studies [16, 17] . Thus, to verify the different effects of lectins on the expression of virulence genes in S. mutans, the bacterium was grown in the presence of lectins, and the relative expression of spaP, gtfB, gbpB, brpAI and ldh was analyzed using burk16S as a normalizing reference gene.
MATERIALS AND METHODS

Microorganism
Streptococcus mutans UA159 was maintained in BHI (Brain Heart Infusion) broth with 20% glycerol at −80˚C until use. For experiments, an aliquot of 100 l of the stock was inoculated into 10 ml of fresh BHI broth and incubated at 37˚C with 10% CO 2 . After growth, the cells were centrifuged at 1500 × g for 20 min at 4˚C and washed twice with 0.9% NaCl.
Lectins
Seeds of Canavalia maritima and C. ensiformis were separately ground into a fine powder using a coffee mill. The powder was homogenized with 0.15 M NaCl (1:10 w/v) at room temperature overnight. The extract was then centrifuged at 20,000 × g for 20 min at 4˚C, and the supernatant was applied to a Sephadex G-50 column (Amersham-Bio-sciences, USA) that had been preequilibrated with 0.15 M NaCl containing 5 mM CaCl 2 and MnCl 2 . After removal of the unbound material, each lectin was eluted with 0.1 M of glucose in 0.15 M NaCl and submitted to a 1 h dialysis against 0.1 M acetic acid, which was succeeded by an extensive dialysis against distilled water. Finally, the lectins were freeze-dried and stored at 4 °C for later use. The purity of the lectins was assessed by SDS-PAGE as described by Laemmili [18] .
Experimental Groups
Prior to RNA extraction, the bacterial suspension was washed three times by centrifugation at 5000 × g for 5 min at 4˚C with 0.9% NaCl. The cells were adjusted to 2 × 10 8 CFU/ml in BHI broth and transferred to a 96 well polystyrene plate. The lectins ConM and ConA (250 µg/ml) were then added to wells containing bacterial suspensions. The negative control was carried out with 0.9% NaCl. The plate was then incubated for 1 h at 37˚C with 10% CO 2 . After 1 h, 300 l of the bacterial suspension from each condition was inoculated into 30 ml of fresh BHI broth and incubated at 37˚C with 10% CO 2 . The RNA extraction was performed when bacterial growth reached an absorbance of 0.4 to 0.5 absorbance units (AU), corresponding to the beginning of the logarithmic phase.
Extraction of total RNA and cDNA synthesis
Extraction steps were performed using RNase-free water, reagents and plastics. Briefly, as soon as bacterial growth reached 0.4 to 0.5 AU, the cells were centrifuged at 6000 × g for 10 min at 4˚C, and the pellet was resuspended in 1 ml of Tris-EDTA (100 mM Tris, 2 mM EDTA, pH 8.0) containing 15 mg/ml lysozyme and incubated for 30 min in a water bath at 37˚C. The pellet was then centrifuged as previously described, and the supernatant was discarded. The pellet was resuspended with 1 ml of TRI-ZOL ® reagent and homogenized through up-down movements in a pipette. To maximize the action of the reagent and prevent degradation of RNA, the samples were kept on ice during all intervals between procedures. Following this step, 200 l of cooled chloroform was added, and the tubes were vigorously mixed by inversion for 15 s. The resulting solution was centrifuged at 12,000 × g for 15 min at 4˚C to obtain a three-phase system, in which the upper phase, which is aqueous and colorless, corresponds to the extracted RNA. The RNA was then transferred to a new tube containing 500 l of isopropanol and kept on ice for 10 min to allow its precipitation and DNA dehydration. The RNA was then centrifuged at 15,000 × g for 10 min at 4˚C, and the pellet was resuspended with 1 ml of cold 75% ethanol (DNase/RNasefree DEPC water). This solution was centrifuged at 7000 × g for 5 min at 4˚C, and then the tube was immersed on ice and kept open for 5 min inside a flow chamber to prevent contamination. Finally, the pellet was resuspended in 30 l of DEPC water and assessed for purity and concentration using a spectrophotometer (GENquant, Amersham Biosciences) [19] . The integrity and quality of the total RNA samples were determined by electrophoresis on a 1.2% agarose gel [20] .
To avoid contamination with DNA, samples were treated with DNase (Invitrogen) according to the manufacturer's recommendations [19] . The synthesis of complementary DNA (cDNA) was performed using SuperScript Reverse Transcriptase ® (Invitrogen) and Random Hexamers ® primers (Qiagen). All procedures were performed in triplicate.
Real-Time Reverse Transcriptase PCR (qRT-PCR) Analysis
The quantitative analysis of gene expression was carried out by qRT-PCR. For this purpose, 300 ng of cDNA from each sample was used in each reaction. In addition, primers for specific genes, which were previously optimized, as well as 10 l of 2x Power SYBR
Primer selection was based on the study by Wen and colleagues [21] ( Table 1) . To evaluate the effect of lectins on selected genes, the expression of an unaffected gene (Burkholderia 16S ribosomal RNA) was used as the endogenous control and compared to the expression of target genes. The assays were carried out with a RealPlex 4S thermocycler ® (Eppendorf) using the 2x Power SYBR ® Green Master Mix Kit (Applied Biosystems). All reactions were performed in quadruplicate. The cycle threshold (Cts) used in the analysis corresponded to the arithmetic mean between the quadruplicate of the target and the endogenous control genes. To achieve the relative expression of the target genes, the 2
ΔΔCt method was used as previously described by Livak and Schmittgen [22] .
Statistical Analysis
All experiments were performed in triplicate and repeated three times independently. Differences in relative expression between samples were analyzed by one-way ANOVA with Tukey's posttest by the GraphPad Prism ® software. Values were considered statistically significant when p < 0.05.
RESULTS AND DISCUSSION
To verify the purity of the lectins, the proteins were submitted to SDS-PAGE. Both lectins showed an electrophoretic pattern that was characteristic of the Diocleinae subtribe as three different bands were visualized: a chain of 25 kDa (α-chain) and two fragments of 14 and 12 kDa (β and γ chains, respectively). Moreover, the lectins showed hemagglutinating activity on rabbit erythrocytes and were inhibited by 0.1 M D-glucose and D-mannose (data not shown). Concerning the activity of Diocleinae lectins on S. mutans growth, Cavalcante and colleagues [17] showed that ConM was able to inhibit the planktonic growth and biofilm formation of S. mutans, whereas ConA, although similar to ConM, had no effect on planktonic growth and showed only a weak inhibition on biofilm formation after 18 hr. The integrity of the RNA extraction from cells treated with ConM and ConA was analyzed by agarose gel electrophoresis. The results showed that all steps involved in the extraction were successful (Figure 1) . cDNA synthesis and relative expression analysis by qRT-PCR showed that ConM significantly reduced the expression of all tested genes (Figure 2) . For example, the expression of gtfB decreased approximately 7-fold in cells treated with ConM as compared to the negative control. gtfB encodes the enzyme glucosyltransferase B (GtfB), which synthesizes extracellular insoluble glucan polymers from sucrose. In addition to being a critical virulence factor involved in the pathogenesis of dental caries, GtfB plays an important role in biofilm formation [23] . In addition to gtfB, ConM also reduced the expression of spaP and gbpB by 4.2 and 7.7-fold, respectively. These genes encode important adhesins, which bind to surface receptors and are important for the successful establishment of S. mutans biofilms [24, 25] . In addition, ConM reduced the expression of brpA by 9.5-fold. This gene encodes a regulatory protein that plays a critical role in environmental stress responses and biofilm formation in S. mutans [10, 26] . Interestingly, expression of the gene that encodes the enzyme lactate dehydrogenase (ldh) is also reduced by 8.5-fold. The ldh gene is constitutively expressed in S. mutans and is responsible for the synthesis of lactic acid from pyruvate, in addition to being an important virulence factor in the bacterium [27, 28] . Hillman and colleagues [29] showed that the deficiency in LdH production might be lethal to S. mutans due to its importance in the generation of energy for the cell.
As previously demonstrated by Teixeira and colleagues [16] , lectins have the ability to block receptor molecules present in the acquired enamel pellicle in vitro, thus interfering with early adhesion of colonizers to the tooth surface and preventing the growth of cariogenic biofilms. Furthermore, Canavalia lectins have been demonstrated to be proteins with antimicrobial activity against Streptococcus mutans [17] . The antibacterial effect of ConM on planktonic growth and biofilm formation in S. mutans as shown by Cavalcante and colleagues [17] can be attributed not only to a direct action on cells but also to its ability to inhibit some genes related to biofilm formation and virulence.
Despite the high degree of similarity between ConA and ConM, treatment with ConA did not alter the expression of any gene investigated in this work (Figure 2) . However, this is not surprising because several studies have shown that lectins from Diocleinae subtribe, although sharing a high degree of similarity, differ in their biological activities [30] [31] [32] [33] . According to Cavada and colleagues [34] , small changes in the configuration of important amino acids from the carbohydrate recognition domain (CRD), as well as variations in pH-dependent oligomerization, may explain the differences in biological activities. Moreover, Bezerra and colleagues [35] showed that not only are the configuration and distances between residues in the CRD crucial to explain the difference in activity between Diocleinae lectins, but the volume of the CRD also plays an important role in the lectin activity. The distances between the amino acid residues involved in interactions with carbohydrates are different in ConM and ConA ( Table 2) , and the CRD of ConA shows a lower volume when compared with ConM. The volumes for ConA PDB 1JBC and ConM PDB 2CWM are 151 and 135 Å 3 respectively, suggesting a plausible explanation for the differences in the antimicrobial actions of such lectins [35] .
Although the mechanism of action of these lectins requires a better understanding, the results reported in the present article suggest that ConM acts by starting or interrupting intracellular signaling pathways that culminate with the lowest expression of genes associated with virulence and biofilm formation in S. mutans. Future experiments will be performed to investigate the mechanisms that lead to changes in expression of the selected genes and the impact of such changes on biofilm formation.
